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TECHYICAL NOTE NO, 1261

FFFECT OF VARIABIES IN WILDINC TICANIQGUE CN THE STRENGTH CF
DIRECT-CUPRENT METAL~ARC- WELDED JOINTS IN AIKCRAFT. STEEL
I — STATIC TENSION ANWL BENDING FATIGE TESIS CF
JOINTS IN SAE 4130 STEEL SHEET

By C. B. Voldrich and E. T. Arnstreng
SUMMARY

Arc-welded butt Joints in 1/8-inch SAE L1130 steel sheet of alrcraft
quality, which were made under verious corditions cf welding and heat
treatment, ware teated to evaluats the effects ¢f specific welding—
tecknique factcrs on the strength of the joints. The results of the ten—
8ile tests indicated that crater blowholas, or crater cracks, prcduced by
intsrrupting the wold, had the moet proncunced influence cn the trans—
vergse tensilo streﬂrth of the butt--welded specimens; that pesition of
welding had no gignificant effact on the teneile strength of any group cf
specimens; that preheating produced no incresse in either the scundnses
cr strength of the welds; and that welde made with allcy—steel electrcdes
were gtrongsr than those made with plain-carben—steel electrcdes. It was
found tket the factor having the greatest influence on the plate--bending
fetigue strength of the welded specimens was the external atrezs-ralser
at the toe of w3lds 1n the reinforced epeclmens.

INTRODUCTICN

The increasing use of metal-arc welling in the fabrication of steel
aircraft etructures, dbrough: about by the desire for increased prcductlen
and c¢ther advantages inherent in the metal-arc-welding method, has also
brought into focus certain of its limitaticns. The level of weldebility
of alrcraft steels, for example, is a very important factor, and the sult-
ebility of various types of electrcdes for mircrart welding has bveen ex—
tensively investigated. The development of proper welding techniques has
also besn given much attenticn, since exyperience has shcwn that meny of
the dlfficulties in the fabricaticn of welded alrframes, such as distor—
tion, cracking, and certain types of weld defects, may have their crigin
in faulty weldlrg te“hnique.
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The influence of weld penstration, centour, craters, undercutting,
and similar factors oa tne structural intezrivy of alrcraft jeints 1s
recogaized, but the degreoss 1n whlch thess factors affect the static and
dynemic strengii are not yet fuily underctood. This investigation was
originally set up to study the effect of thess factors and soveral others,
such ag hardress, grain size, and chumicel-conmposition gradisnis, on the
strength of Jolnis in SAE K130 aircvaft stecl welded by the direct—currant
metal-arc method, Thess factors ars influerced by the skill of the weld—
ing operator, type and size of electrcde, welding curront, spced and posi-
ticn of welding preheat, hoat tvoatwent after welding, end the size, gecm—
etry, degrse of restreint, and suriace ccnditicne at the weld Joint.

The investigation reportad herein vas ccnducted under the spensorship
and with the financial aseistance cf the Naticnal Advisory Cemwmittee for
Asronautics.

MATERIALS AND EQUIFMENT

Steel.~ All metal-arc-welded spscimens for the static tension and
bendirg fatigue tests descrided in this report were made from aircraft—
quality SAE 4120 steel cheet, 1/8-irch thick. The chemical ccmposition
and strength of the material are given in table 1.

Welding electrcdes.— The electrcdes used in the welding of the tegt
specimens were & plain—carbon-steel electrcde and an aircraft welding
electrode which produces an alloy-ateel weld metal., It was specified, on
the basls of a questionnalre sent to alrcraft facteories, that Wilson No.
520 and Linccln Planeweld No. 1 electrodes be used.

Weldirg machine.—~ It was further specified that a direct-current
metor-generatcr welding machine, of the type designed for airframe weld—
ing, be used. .The use of crater—eliminating devices (remote current
centrol) was not desired.

STATIC TENSION TESTS OF METAL-ARC-WELDED SAE 4130 STEEL SHEET

Preparatigg cf Specimens

Welded tension specimens were prepared in 1/8-inch SAE 4130 sheet as
shown in figure 1 with welding conditions as given in table 2. For each
combiraticn of welding conditions (electrode, preheat, position, and heat
treatment after welding), eight tensicn specimens were made. Four of
these spscimens had a weld made in & continuous bead with the arc break,
when required, ocutside the boundaries of the tension coupon. The four
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cther epecimsns were made with discontinucus welds; that is, the wald was
storped, the crater clesied in the usual marher, and welding resumed at
definite pcints acng the length of tha weld groove. The vension speci—
mens were then cut to include the interrupted porticns cf the wélds.

_ The welds were made manually in a eingle bead from one side only,
with current and speed sdjusted to obtain the maximum root fueicn peossi—
ble without the specimen melting through. Neither metallic ncr refrac—
tory etrips were used t¢ back up the weld groove. The single-bead weld
was used, rather than a Joint weldad frcm both sides, beccuse (a) the one—
gide butt weld is often enccuntered in aircraft work and is more sensitive
to intermal defects, (b) it was desized to test a weld with no secondary
heat effects resulting from a roct or reinfciclng pass, end (c) the seccnd
pass would have eliminated incomplete fusicn at the roct, wiich was also
to be sgtudied. ‘

The face of the single-bead weld and irregularities on the roct side
were ground approximately flush with the surface of the sheet, but no at—
tempt was made to remove undercutting or to cbtain a perfectly flush or
smooth surface. : o

The ampsrage and erc voltage reportasd in table 1, as well as in
succerding tables of welding data, were measured as accurately &s pcssi-
ble with sensitive meters. Freheat tumperatures were measured to +10° F,
Welding speeds (arc time) were measured with a stop watch. All stress—
relief and heat trsatments of SAE 4130 steel specimens (including dutt—
welded sheet dnd fillet-welded tube—plate specimens, reference 1) were
édene in a salt bath, except that drawing of quenched specimens was derne
in an electric muffle furnace. '

Radiographs of Weld Jcints

After machining, ell specimene were X—rayed to locate the interrupted—
weld areas and other defects, Prints of these X—reys are shown in figures
2 to 17, with the ®ltimate tensile strength of each specimen and the weld—
ing conditions used for each group of eight specimens.

Althcugh the four specimens at the left of each radicgraph had con—
tinuous welds and were meant to be as sound and fully weldsd as pcssible,
there Wwere numercus instances in which these welds had proncunced defects,
principally lack of fusion at the roct. With one or two exceptiors, how-
ever, the presence of thege defects in the continucus welds did nct seri-
ously reduce the static tensile strength.

In the four specimens at the right in each radicgraph, the number of
weld defects was considerably greater, and there were distinct indicaticns
of crater blowholes, trensverse crater cracking, and incomplete fusicn &%
the start of the second pass. These defects in the interrupted welds had
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an appreciable effect cn the static tensile strength. The precence of a
flav 1n the interrupted weld did not in every case cause a reduction in
strength, but if the results are aralyzed by groups, it becomes evident
that the continucus welde were stronger than the interrupted welde, even
thovgh the radiograpns in scme cases indicate that cne group was no better

than the cther.,

Static Tension Tests

The ultimate tensile strength for cach specimen is shown in the
radiographs, and the averags strongth for eacihi group of four specimens is
given in table 3A. These data show clearly that the effect of weld inter—
ruptions is to reduce the static teusile gtrength of the irmediate weld
area, It is interesting to note that the pcsitien of welding had little
effect on the strergth of the Joints; indeed, in this serles of tests the
average strergth of the overhead welds was slightly greater than the
strength of the flat and vertical wslds. Preheat, likewise, had no dis-—
cernible effect cn the strength of the welded joints. This might not be
the cass, however, for joints in material thicker than 1/8 inch.

The effects of heat truatment after welding are algo given in table
34, The welds made with plain—carbon—steel electrodes galned ebout 30
percent in tensile strength, for both continuous end interrupted welds,
as a result of the heat treatment used. The welds mede with allcy-steel
electrodes gained 4O percent (interrupted welds) to 50 percent (centinu—
ous welds) in strength after heat treatment.

A summary of the static—tensicn-test data is given in table 3B and
shows the decrsage in tensile strcngth caused by interruptions in the
weld.

in analysis of the locaticn of tenslion fractures is given in table
3C with significant points as follows:

1. All heat—-treated gpecimens made with carbcn-steel electrodes
failed in the weld.

2, All heat-treated interrupted-bead specimens made with allcy-steel
electrodes failed in ths weld.

3. Most of the heat-treated corntinuous—bead specimens made with
alloy—steel electrcdes failed in the weld.

L. All as-welded interrupted-bead specimens made with cerbcn—steel
electrodes failed in the weld.
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5. COver cne~third of the as-welded continucuvs—bead specimens made
with carbcu- stesl electicdes had weld joints stronger than

the parent plate,

6. Three—fcurths of the as-welded interrupted-bead specimens made
with allcy~steel elsctrecdes falle d in the weld.

7. Only one—fourth of the as-—welded continucus-bead specimens wmade
with allocy-steel electrodos failed in the weld.

b4

FATIGUE TESTS OF METAL-AKC-WELDED SAE 413C STEEL SHEET

Preraration of Specimens

Metal -arc-welded fatigue—test specimene were made from 1/8-inch SAE
4130 etmel cheet &g chovn in figures 18 and 19 with welding ccnditicns
described in table 4. Normalized pletes wers used for all specimens, but
no heat treatment after welding was used,

The butt jJoint was a 90° closed single grcove. (See fig. 18.) The
weld was made either with two beads (rocot and face), or with a single—
face bead, ty using plain-—carben—-steel welding electrcdes. Some speci—
mens 1n each set were made with ccontinuous manual welds across the entire
width of the plate, and others wer2 made with interrupted welds to prc—
duce & crater at the center of the specimen. (See groups 3, 4, 7, and 8,
fig. 18.) After the first helf of the interrupted face bead was completed,
the crater was wire-brushed but otherwige not disturbed. The remalning
half of the bead was then welded with sufficient pause at the crater to
permit good penetration in that area. No attempt wes made, however, to
fuse completely the crater crackes or blcwholes.

The plates were preheated to 3000 F before welding in order to ob—
tain easy starting conditicns and uniform penetration for the entire
length of the weld. In the two-bead specimens the root weld was made
first, e» that the face weld could be depcsited mcre easily with highex
heat input and maximum penetration withcut denger of melting through the
feather edge of the scarfed jeint. The welding current, arc voltage, and
welding time were measursd with autcmatic recording equipment and are
given in table k.

The welded specimens were then milled with the aid of a templet and
Jig to the contour shown in figure 19. This taper contour provided for
a corgtant fiber stress in the regleon of the weld when the specimens were
tasted In bending fatigun ag cantilever beams. After contour milling,
half of the specimens were ground on both gildes to a smooth surface with
ro weld reinforcement (groups 2, 4, 6, and 8, fig. 18). The remaining
specimeny were left with the natural weld reinforcements (groups 1, 3, 5
and 7, f£ig. 18).
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Radicgraphs of Wald Jeints

Prior to fatigus tegting, all welded sprecimens were X-rayed to bring
out iantertal defscts at the we'ls. The radiographs are shown in figures
21 to 28. Tha locaticn of fatigue failure is indicated in the radiographs
by Lorizcntal arrsve and is discuaesed in the succeeding sections.

Fatigue Tests
-

Tre plate-bending Tatigue tests wers carried cut on a 10C-pcund
capacity Krouse plate—bending machine with & maxlimum deflecticn of #1 inch,.
The specimens wero gripred at ths wide taper end, and the load was applied
et the narrcw taper end thirougk & crank arm, the thrcw of which could be
adjusted by means of an eccenuvric rotcr, A typlcal specimen ready for
testing ig shown in figurs Z0.

In order to cttain the maximum fiber stress in the reduced section
of the test gpecimen, saveral representative specimens were first cali—
brated by measuring the deflection at the lcad end for several lincrements
of dead-wsight lcading. The strecs fcr a given deflection was ccmputed
from the cantilever-beam formula, and the testing machine was then adjusted
for deflections to produce the desired stress in the reglon of the weld.

" In crder to check this methed, a representative surface—ground speci-
men wag equipped with electrical-resistence strain gages on both surfaces,
spanring the weld zcne, and the stresses at varicus deflections were reas—
ured. It was found that the stresses measursd by the strain-gage methed
checked within 5 percent of the stresses computed by the locad—deflecticn

meathod,

The ssveral groups of specimens were lozded at varicus stress levels
(spe table 5) and the test wae carried to failure, cr to not less than
about 5 million cycles of ccmpletely reversed bending stress. All speci-
mens were tested in the as—welded condition. The fatigue strength of the
specimens is given in table 5, and the data are graphed in figures 29 and
30. These figures also show reference S—N curves, taken from another in—
vestigation on l/8~inch SAE 4130 steel with the same mechanical and chem—
ical properties, for unwelded specimens with no surface treatment and
with the surfaces ground smooth.

Results of tests on two—bead weld specimens.— Figure 29 shcws the
fatigue strength of specimens with face and rcot beads, with continuous
end interrupted welds, and with full reinforcement and a surface-ground
weld. The gpeclmens with two—bead, ccntinuous; surface -ground welds
(group 2) had the highest fatigue strength, which was appreciably higher
than that of the unwelded control spscimerns with nc surface treatment
(line B), but belew that of surface—ground unwelded plate (line A). The
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fatigue strength of group 2 was pirobelly uinenced by the lower strength
of the wald me+tal (%two speniiers fsiied o the woid end twe in the fusion
line), although no intsiral weld effecis were discernible in the radis—
graphe (figs. 22{a) and 22(t¢)).

Ths varied location of the group 2 fatigue fractvres elso indicated
thet the decreese in fatigue strsngth from the line A level could nct be
attrituted solely to weidiug effecta. It 1is teljeved that the surface
decarburization remaining in the specimsns (ths surfaces of vhich were
not machin~d s0 deep as the line A gpacimens) contribubted t> the dscrease
in fatigue strength. It is ale> significant thal the group 2 speclmens,
which had conly a few thcusandths of an inch remcved from the surface,
wersy stronger in fatigue than the line R unwelded specimens which had no
surfacs treatment. '

Continuous *wo-bead wsld specimens with full reinforcement (grcup 1)
had & much lower fatigue strergth thran similar surfacs—grcund specimena
(group 2). In all cases the specimens in grcup o failed at the toe cf
the largsr (face) bead and thus indicated the proncunced effect of the
st?eis)concentration at that peint. (See radiographs, figs. 21(a) and
21(b).

The intsrrupted-weld epecimens with full reinfcrcement (group 3)
alsc fulled at the tee of the face bead. (See radicgrephs, figs. 23(a)
and 23(b).) DProtably there were internal defects at tha point of inter—
ruption cf the weld, but they are not visible in the redicgrephs arnd, if
present, hed ns chance to influence the fatigus strength tecause of the
greator influence of the external stress—raiser at the tce cf the face
tead. Figure 29 shows that the toe-of-weld stress—corncentraticn effect
was greater for the interrupted—weld spwcimens (group 3) than for the
continuous-weld specimens (group 1). This 1s possible because the face
bead in the group 3 specimens was higher and fuller with incipient cver—
lapping at the weld interruption.

The surface—greund, interrupted, two-bead walds (group 4) had a
higher fatigue strength than the ceompenicn specimens with full reiniorce—
ment (group 3). The radicgrephs 1n figures oli(a) and 24%(d) indicate that
the lacaticn of fatigue failure of the group 4 epecimers was influenced
ty tho presence of crater defects at the weld irterrupticn, althcugh the
fatigue strergth of weld motal itsolf may have had an effect.

Tt 1s significant that the intormal defacts in the specimensg of
group 4 had a less deletsricus offect on the plate-tording fatigue
strength than the exterrnal toe—cf—wnld stress—ralsers (which might well
be called dsfacts as far ag fatigue strength is_Concernod) in tho cocmpan—
jen group 3 specimens. In bending, the surface of the spscimens is mcre
hkighkly stressed than the Internal fiders. 'In axial lcading the stress ig
rearly uniform acress the sectien, and internal defocts 9f the maegnitude
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shrmn in figures 24(a) and 2k (b) would nc doubt exert a greater influence
on fatigue strangih.

Results of tects on_singla-boad weld specimens.— Figure 3C pregents
the fEEEéEE”EEEE'dﬁ'éiécimens with continuous and interiupted single—bead
welés with and without weld reinforcenreut. There is no significant &if-
ference in the fatiguc behavior of the various types of welds (groups 5,
6, 7, and 8) so far as the S-N data are concerned. The ouly group which
departed appreciably from the base line B for urwelded specimsns ia group
8, in which largs crater blcwholes were present at the weld interrupticn.
(See radicgraphs, fig. 28.)

The continucus single—bead surlace-ground specimens (group 6) failed
outside the weld zcone at *he erd of the taperad gection bescause of ths
saccondary strese ccncentration at the craage of section at the grip.

(See fig. 26.) The two sets of specimens witi reinforcemsnt intact
(grcups 5 and 7) failed at the toe of the weld. Group 7 had internal
crater defects of corsiderable size (sse fig. 27, particularly specimen
586—7), but thess had no eiffect on the fatigue strergth.

Typical‘fgfigua fracturés.— Figures 31, 32, and 33 show typlcal
plate—bonding fatigue fracturss for the various types of weld specimsns.

DISCUSSION OF RESULTS

Static Tensicn Tesgts

The most proncunced influence on the transverse tensile strength of
the butt-welded specimens appeared to be that cf the crater blowholes or
crater cracks, which were produced by interrupting the weld. In mest
cases this corndition caused a dscrease in the strength frem that of com—
panicn continuous-weld specimens which had no crater defects.

Some of the continucus—weld specimens had other weld defects (lack
of complete pemetration to the root of the weld), but these had less ef-
fect on the transverse tensile strength than the crater defects in inter—
rupted-weld specimens. ' '

The pesition of weldihg had no significent effect on the tensile
gtrength of any group of specimens, other conditlons being equal.

Preheating of the plates to 300° F produced nc increase in elther
the sourndness or strength of the welds. This does not mean thet preheat
is urnecesgsary in metal-arc welding of the aircraft ptructural stesls.
It is often desirable to use preheat to prevent cracking of the steel
adjacernt to the weld. The present indicatlons are, however, that
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Preheating is of dcubtful value as a means of improving the quality of
welds (abegence of crater or root defects) in thin Plates.

The welds mads with alloy-steel electrodes were strcnger than those
made with plain—carbon—-steel elecirodes. The degree and character of
weld defects were comparable for both types of electrodes, but the added
strength of the alloy—steel welds helped tc nullify the effect of weld
defects. The alloy—steel welds also shcwed a greater increase in strength
when heal treated after welding.

It 1s to be noted that all these data are. for single—bead welds with
the face reinforcement removed. If the weld reinforcement had not been
removed, the increased cross section at the weld undoubtedly wculd have
caused more fajilures in the parent plate or at the fusicn zone at higher
strengths. In such welde the affact ¢f interrel defects wculd be less
pronounced than when the reinfocrcement is remcved.

Fatigue Tests

Ir the eight types of weld~joints tests (see fig. 18), there were

two principal differences:

1. The Joints eltner had the natural weld reinfcrcement or were
machined flush with the surface of the plates.

2. The Joints sither had a sound weld (continucuz bead) or a weld
with internal crater defecte (interrupted bead).

The factor which had the greatest influence on the plate-bending
fatigue strength cof the welded specimens was the externmal stress—raiser
at the toe of welds in the reinforced specimens. The internal stress—
raisers, caused by crater dblowhcles or cracks, cauged failure ornly when
the weld reinforcement (and hence the external stress-—-raiser) was removed.
The probeble explanaticn for this was that in the plate~bending test, the
surface had a higher stress than the internal fibers. If & uniformly
distributed stress were used (exial tensicn fatigue) the influence of in—
ternal defects wolld be more pronounced. However, the effect of external
stress-raisers at the tee of reinforced welds would still be critical.

No specimens were tested in this series which were heat treated
after welding. Results cof tests en other plates of welded specimens (ref-
erence 1) indicate that while the fatigue gtrength may improve 1f the ten—
slle strength is increased by hesat treatment, the effect cf stress concen—-
trations arising from geometry of the Joint is very great and all but
vitiates any improvemmsnt derived from heat treatment.
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The present tests show rcme evidence that surface decarburizaticn
exorts a marked influance cn fatlgue sirength. This is Indicated by the
tests of surface—ground specimens and as-rclled specimsns (ese fig. 29),
but the test data for {hs mstal-arc-welded gpecimsns are insufficient for
ccenclusion, However, the resuilte of other invectigations of the fatigue
strength of SAE L4130 stsel show quite conclusively that decarburization
may be an impcrtant facter. This has little to dc with weiding technique,
but 1s manticned here beceuce mc3t of the ccmmercially gupplied alrcralft
eteel of the 4120 type is decarburizod to soms dzgrse at the surface,
Since the meoet critical stress coucentrations in welded alrcraft steel
parts are often a%t the surface, adjlacent to welds, the added influenco of
the decarburized layer with its lcowsr inherent fatigue strength should not
be averloocked in a consideraticn of fatiguae belkavior.

Rattelle Mamcrial Institute,
Columtus, Chic, May 194l
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TABLE 1. PROPERTIES OF 1/8-INCH SAE 4130 STEEL SHEET (1)
USED FOR METAL~ARC BUTT WELD TENSION AND FATIGUE -
TEST SPECIMENS

~

e e e  aa ey
Chemical Composition, Per Cent (Mill Analysis)
C | M P S S1 Cr Mo
0.31 | 0.47 | 0.023 | 0.017 | 0.25 |0.Q4 |0.21
1
.32 U7 .023 020 .26 .95 .23
Mechanical Properties
Yield Strength, | Ultimate Tensile Elongation, | Rockwell B
p.s.i. Strength, p.s.i. % in 2" Hardness
81,400 97,500 22 92
|

(1) Hot-rolled;normalized and drawn to strength shown.

11
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‘TABLE 3B. SUMMARY OF TENSILE STRENGTH DATA

Positlons | Joints with | Joints with | Per Cent Decrease

Hesat and Continuous | Interrupted | in Tensile Strength

Electrode Treatment | Preheat Welds Welds oi Interrupted Welds
Carbon steel As welded All 103,300 88.400 15
Carbon steel Q&D All 137,000 116,700 15
Alloy steel As welded All 102,300 100,500 2
Alloy steel Q&D A11 154,100 139,600 9
Both As welded All 102,800 94,500 8
Both Q&D All 145,600 128,200 12
Both Both All 124,200 111,300 10

prr = i S

TABLE 3C. LOCATION OF STATIC-TENSION FRACTURES
IN BUTT-WELDED SPECIMENS IN 1/8~INCH
SHEET

(See also Figures 2-17, inclusive)

| e —— —=
Number | Relative Number|Relative Percentage
Heat of of Fractures: of Fractures:
Character .| Treatment | Tension in in
of Electrode| After Tests | Parent in | Parent in
Weld Used Welding Made Plate Weld|Plate Weld
Carbon AW 16 6 10 k- I 62
Cont~ Steel Q&D 16 0 16 0 100
ipuous loy " J AW ~ [~ 12" T "W |" 75 T 7|7~ 725
_S_f.-egl___g,gg___il___ 2 18 g2
All conditions 59 0 39 34 66
\ Carbon AW, 16 0 16 0 100
Inter- Steel Qé&?D 15 o 15 0 100
rupted Alloy AW 16 m 12| 25 | 715
Steel Q&D 16 0 16 0 100
All conditions 63 L 59 6 gk
T T T R S S -~
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Fig. 13
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CONTINUOUS FACE BEAD (2)

———

.............. ..

CONTINUOUS ROOT BEAD ()

INTERRUPTED FACE BEAD(2)

............. P

CONTINUOUS ROOT BEAD (I)

CONTINUOUS FACE BEAD(I)

Y Tl d aaa ey il

NO ROOT BEAD

4
“ﬁ&ikiﬁ-ﬁ\ AL AMUANG AL AL \\m

— T

INTERRUPTED FAGE BEAD (1)

Fig. 18

GROUP |- WELDED BOTH
SIDES,CONTINUOUS BEADS,

WITH REINFORCEMENT.

GROUP 2. SAME AS
GROUP |, WITH SUR-

FACES GROUND SMOOTH.

GROUP3: WELDEDBOTH

SIDES,INTERRUPTED

FACE BEAD,WITH REIN-
FORCE MENT.

GROUP 4: SAME AS
GROUP3 ,WITH SUR-~

FACES GROUND SMOOTH.

GROUP5: WELDED FROM
GROOVE SIDE ONLY,CON
TINUOUS BEAD , WITH
REINFORCEMENT,
GROUP 6

SAME AS GROUP5  WITH
SURFACES GROUND
SMOOTH.

GROUP. 7: WELDED FROM

GROOVE SIDEONLY, IN-

TERRUPTED BEAD WITH
REINFORCEMENT.

GROUP 8. SAME AS GROUP

~ 7, WITH SURFACES

GROUND SMOOTH.

FOR ALL GROUPS, JOINT WAS 90 -DEGREE SINGLE~VEE BUTT,CLOSED ROOT,WITH
ALLWELDING DONE IN THEFLAT POSITION. FOR JOINTS WELDED FROM BOTH SIDES
THE ROOT BEAD, |, WAS WELDED FIRST, FROM THE ROOT SIDE.

FIGURE 18 -DETAIL OF WELD JOINTIN '/8- INCH STEEL PLATE SPECIMEN FOR
BENDING - FATIGUE TESTS.
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8 o/\{mb((yr/}n; baoth v, when specified

. S N Vi _ 2h~—
I Drill troe, Y2"
Orit! Yz | I \
&j I ) \ /D(//m-ﬂ?d?e __t@::::ec
| 2 R @
| .
! M,,4~'f77’ 1l
L — | A il I
T T
N & L é” N
\:‘\OL [ 1 T —— 9 — . T I —— §
L /2" N

WELDED FATIGUE-TEST SPECIMEN

L 5|5 o g iy by
L, & ' ]

JEMPLET FOR FATIGUE-TEST SPECIMEN

FIGURE 19~ SPECIMEN AND TEMPLET FOR PLATE BENDING-FATIGUE TEST






NACA TN No. 1261 Fig. 20

29261

Figure 20.—Krouse plate-bending machine with welded specimen in place for fatigue test.
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Fig. 21
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"

A'REFERENCE S-N GURVE FOR UNWELDED g SAE 4130 STEEL  ~
SHEET (NORMALIZED)SURFACE-GROUND BOTH SIDES TO 0.08"
THICKNESS TO REMOVE ROUGHNESS AND DEGARBURIZED
SURFACE LAYER,

]
B: REFERENCE S-N CURVE FOR UNWELDED I/g S.AE 4130 STEEL
SHEET (NORMALIZED) TESTEDWITH AS-ROLLED SURFACGE.

70 70
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CH
20 ) ) 20
0% 103 108 07

CYCLES OF REVERSED STRESS

WELD TYPE LOCATION OF FAILURE
O 2 - BEAD CONTINUOUS,FLUSH p-UNAFFECTED PLATE .
0 2- BEAD lNTERRUPTED;FLUSH f- FUSION ZONE

@ 2° BEAD CONTINUOUS,REIN FORCED t - TOE OF LARGE WELD BEAD.
B 2-BEAD INTERRUPTED, REINFORCED w- CENTEROF WELD.

FIGURE29-BENDING - FATIGUE TESTS OF TWO -BEAD METAL-ARC
BUTT WELDS IN ‘/8-|NCH SAE 4130 STEEL SHEET
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NACA TN No. 1261 } Fig. 30

A REFERENGE S-N CURVE FOR UNWELDED g S.AE. 4130 STEEL
SHEET (NORMALIZED), SURFAGE-GROUND BOTH SIDES TO 008"
THICKNESS TO REMOVE ROUGHNESS AND SURFACE DECARBURI-
ZATION. o ‘

B: REFERENCE S~N CURVE FOR UNWELDED 7g S.A.E. 4i30STEEL

10 SHEE T(NORMALIZED), TESTED WITH AS-ROLLED SURFACE.

70
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60 tits e . 60
N L
= AST <<"
b wlg N
: AN S
g 50 N \* 50
o N
e L pp
wn N T7T
i w N
£ a0 N 40
o AN
% ¢l N
é AN
o BXy .
30 . 30
v
¢
N A
&
20 20
04 103 108 o7
CYCLES OF REVERSED STRESS
WELD TYPE LOCATIOVN OF FAILUB_E_

X7 FBEAD CONTINUOUS, FLUSH. p— UNEFFECTEDPLATE
Z\ FBEAD INTERRUPTED, FLUSH. t - TOE OF WELD BEAD
W | .BEAD CONTINUOUS, REINFORCED. w ~ CENTER OF WELD
A "BEADINTERRUPTED,REINFORGED.

FIGURE 30 - BENDING - FATIGUE TESTS OF SINGLE-BEAD

METAL -~ARC BUTT WELDSIN l/B'INCH SAE.
4130 STEEL SHEET.
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W U1 1

21610
Continuous single-bead weld Interrupted two-bead weld

(face side). (face side).

Figure 31.—Typical plate-bending fatigue fractures at toe of weld bead (face-weld views).
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21611
Continuous single-bead weld Interrupted two-bhead weld
(root side). (root side).
Failure at toe of face bead. Failure at toe of face bead.

Figure 32.—Typical plate-bending fatigue fractures at toe of weld bead (root-weld views).
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[——
1<)

A—TInterrupted two-bead weld (no failure).
B—Continuous two-bead weld (failure in plate at change of section).
C—Continuous two-bead weld (failure in center of weld).

FIGURE 33.—Typical plate-bending fatigue fractures in welded specimens with no
reinforcement
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